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SFHT PAYLOAD HAZARD REPORT NO. SFHT-D-02 
Payload: SFHT Phase: 0/0 
Subsystem: Hazard Group: Date: 1/20/89 
Dewars Collision, Explosion, Loss of entry 
Hazard Title: 
Rupture of Cryogen Tank 
Applicable Safety Requirements: Hazard Category: 
NHB 1700.7A, Sections 202.2,206,208.1,2,3,4, < X > Catastrophic 
Description of Hazard: 
Rupture of the cryogen tank, leading to possible explosion and 
escape of liquid helium, with damage to STS equipment or other 
payloads. 
capability, Temperature extremes 
214 < > Critical 
Hazard Causes: 
1. Overpressure due to inadequate venting capacity 
2. Overpressure due to closing of vent lines by incorrect valve 0 
('J 
0 
placement. 
3 .  Overpressure due to operator error of component failure 
resulting in air freezing in and blocking vent lines. 
4. Overpressure due to excessive heat leak caused by electrical 
Hazard Controls: 
1.1 Design dewar to be insulated with closed cell foam. 
1.2 Provide two redundant vent paths, each capable of venting 
boiloff caused by worst case heat load to cryogen tank. 
2.1 Design vent lines to passively vent normal boiloff rates 
without the need to open motor-driven valves,i.e., use check 
valves for normal venting. 
2.2 Use passive overpressure protection (burst discs) to 
accomodate high rate (failure induced) flow rates. 
3.1 Establish procedures which safeguard against undesirable 
valve states. 
3.2 Leak check all line fittings after loads testing and before 
final fill. 
3 . 3  Ensure one of the two redundant (TBD) high-capacity vent 
paths is isolated from all other lines and valves. 
4.1 Design dewars, cryostats and electronics to minimize 
excessive heat input due to electrical component failure. 
component failure. 
Safety Verification Methods: 
1.1.1 
1.1.2 
2.1.1 
2.2.1 
2.2.2 
3.1.1 
3.2.2 
3.3.1 
4.1.1 
Verify capacity of high rate vent lines under guard vacuum 
loss (worst case) conditions through analysis and test of 
protoflight dewar. 
Verify that closed cell foamed tank reduces vent rates. 
Acceptance test all passive pressure relief devices. 
Demonstrate reliability of burst discs through random 
testing of flight burst discs under loads and at both ends 
of the operational temperature range. 
Demonstrate heat rate reductions due to closed cell foam 
under loss of vacuum conditions. 
Approval of procedures by program, carrier, user and STS 
safety organizations. 
Documentation of leak check results. 
Documentation of design and analysis. 
Analysis of the maximum heat inputs to the cryogen due to 
failure of electrical components. 
Status of Verification: 
1.1.1 Open . . . 
1.1.2 ... 
r Approval : Payload Org.: STS : : -1 
I 0 
Phase 1 
Phase 2 
Phase 3 
0 
. 
L a 
W e 
- 1 n  
v, z -  
w 
m --I 
0 
U 
t- z 
0 
W a 
3 J e 
Q 
3 
m 
c e 
W e z 
W 
c 
a 
a 
a 
W 
-1 e 
3 
0 
0 
W a 
c3 z 
W 
0 LL LL 
0 
n 
v, 
c- 
w 
LL LL 
0 
LA 
n 
W 
J 
e 
L L t  
0 -  
W 
v , I  
c r c  
0 
0 
LA - 0 0 cv 7 M cv 
0 c- 
0 
lu 
0 
c 
LL 
1 0  
m a 
0 
J 
0 
c z 
0 
0 
a a 
2 
U 
n z W 
W 
3 
a n 
1 
0 
0 
0 e 
LL 
0 
e 
LL 
4 
L 
0 
F- 
W z 
v, c z 
W 
J 
a 
W 
LL 
m z 
4 a 
c 
W 
N 
r 
z 
ZE 
c-( 
H 
H 
a z 
4 
0 
0 e 
0 
0 e 
J O  
w o  
X c v  v, 
W 
1 
I- 
. .  
I I c 
0 
I 
Y 
LL! 
I 
w 
c 
3 
0 
c 
e c 
W 
0 
=E 
n z 0 J e 
w 
cr 
w 
3 
v, 
a 
W 
c 
4 
e 
W 
p. 
0 
2 
c3 z e 
W 
3 
0 
W v, 
0 4 c 
W 
J 
J 
4 
m 
m 
m 
Lx: e e > 
W 
w w  
I >  
I - 4  
a u 0 W J  
- 0 ,  e r  W 
I c o  
W 
e v ,  0 0 0 0 
0 0 0 0  
v, z 
0 
c 
LL 
u 
H 
W 
CL 
v, 
z 
H 
I 
c 
H 
3 
W z 
W 
c z 
H 
4 z 
n 
W 
m 
-J 
1 
W 
3 
v, c z 
W z 
0 
CL 
E 
0 
0 
c 
I 
LL 
v, 
v, 
0 
I 
I-- 
n 
w x 
W > 
v, 
v, < 
CL 
H 
w 
-J r 
I c 
0 
-J 
0 
e 
W 
m 
v, a 
0 c 
e 
w 
n < a 
n 
a 
v, 
0 
4 
v 
v, a 
0 c u 
W 
-J 
LL 
W a 
a 
4 
-J 
0 
m 
v) 
& 
0 c 
4 
1 
0 
v, 
w 
1 e =z a 
W 
I 
c 
1 
4 
u 
H 
L 
iL 
0 
W 
m 
H 
x 
W 
-J 
LL 
-J 
- J >  
e m  0 0 0 0 0 0  
0 
(3 z 
- a 
- 0  
U 
v, 
Q 
n 
v 
n I 
J 
v 
I: 
W 
c 
m 
>- 
tA 
n 
z 
0 
v, 
v, 
I 
. .  
tA x 
W n H + 
4: 
c 
v, 
r u 
W 
v, J 
=E 
W 
c 
v, 
>- 
v, 
). 
v 
v 
I: 
W c 
v, > 
v, 
n 
cn W z 
W 4: 
n J 
E 
W 
z 
3 
0 
n 
z 
3 
0 
4 
LL 
v, E 
0 e r 
3 e 
z 
-J a 
Q 
3 
v, 
J 
0 a 
H z 
0 z 
c z 
0 a" 0 
W z 
0 
u 
-J 
4: 
c 
W 
x 
u 
4: 
r) 
H 
-J 
W 
I 
a 
W 
3 
(3 
W 
J 
H 
J x z w 
I c c A 
e m 
0 
3 
U 
J 
H 
W 
z L n z d 3 
u c 
H I-- 
W 
5 
L 
c 
3 
c3 
> z 
w 
ir 
0 a 4: n > 
3 
0 
w o o o o o o o o  
0 
, 
c3 z 
H 
n 
x 
1 u z 
H 
v, 
J 
w 
U 
c 
w a 
3 
0 
-I 
W a 
v, 
W 
G 
v, 
v, 
W u 
0 
e 
a 
a 
(3 z 
n 
n e 
0 
W 
I 
c 
z 
n 
v, c z 
W 
w 
W 
0 
a 
W 
I 
c 
r 
n 
0 c 
0 
1 
+ 
I 
L L  
m 
n z 
2 
0 a 
c3 
r 
H 
W 
W z 
a 
U 
c3 z 
W 
z 
w 
d 
0 
W 
m 
W > 
1 e > 
.. 
w 
w 
a 
0 
.I 
v, 
W z 
w 
-1 
e 
W 
-n 
2 
3 
0 
U 
(3 .. . . 
w 
I 
c 
n z c 
v) 
X J  z 0 v, 
W > 
z 
z o  n 3  
e n  -1 e > 
e 
X 
LL 
v, 
W 
n w  a m  
x u  w a -1 L 
v, 
D 
CL 
w 
CL 
0 
c 
I 
LL 
v, 
v, 
v, 
I 
c 
-1 J 
0 0 0 0 
0 0  0 0 0 0 0 0  
c3 z 
U 
0 e 
LL. 
W 
I 
I- 
z 
0 
n 
a 
z 
2 
0 
c3 
W 
I 
I- 
LL 
0 
u 
I- 
4 r 
W 
I 
0 
v1 
w 
'I 
U 
J 
W 
I 
z 
4: 
z 
3 
0 
p. 
e 
a 
0 
r) 
4 x 
W 
I 
c 
z 
U 
I 
I- 
H 
3 
v, z 
0 
U 
c 
G z 
t3 
v, 
W 
W > 
J e > 
W 
I 
c 
n 
n 
f 
U 
n 
0 
W 
I 
c 
c3 z 
n 
J 
J 
0 
LL 
z 
zi 
U 
n 
w 
4: 
0 
I- 
W 
U 
LL. 
H 
c z 
W 
n 
n 
U 
W a 
4: 
m 
e z 
W 
E 
U 
3 
U 
W 
* 
J e e 
2 
m 
I 
c 
3 
x z 
4 c 
U 
n a 
G 
2 
W 
I 
I- 
LL 
0 
c3 z 
n 
J 
J 
U 
LL 
z 
4: 
z 
0 
c 
G 
3 u e 
w 
W 
z 
I 
0 
p. x 
3 
P 
n 
U 
L 
n 
+ 
I 
LL 
m 
W 
I 
c 
LL 
0 
c3 z 
J 
J 
LL 
z 
4: 
z 
0 
U 
c 
4: 
3 u 
4: > 
W 
z 
3 
0 
CL r 
2 
P 
W 
I e 
U 
U 
n 
- 
n 
.I 
w 
I 
n 
J 
W 
I 
U 
U 
aJ 
I 
LL 
0 
z 
0 
U 
L 
0 
=> 
0 
p. 
n 
a 
W 
I 
e 
n z 
4: 
U 
U 
r 
3 
J 
W 
I 
I 
c 
U 
3 
c( 
a 
n 
4: 
3 
W 
I- 
a 
2 
(3 
x' 
> 
(I) 
.. 
W 
zv, 
0 -  - z  c o  u a  za- = =  
L O  J u  
4: = a  
0 a o >  
c3 z c3 z 
w z  e o  
(3 z z a s 
e 
u 
z 
U 
n 
a 
H 
W 
c 
z 
0 
Y 
W 
ZE 
w 
U 
c 
W 
2 
4: z 
0 m c 
W 
Qz 
4 
z 
m 
c3 z 
z 
W 
CL z 
U 
H 
n 
c v ,  
3 3  e 
U L L  
0 
W 
v, a 
W 
w 
4 
> 
e 
W 
LL e 
m 
3 
W a 
0 
m 
c 
u 
W 
LL 
LL 
4: 
c 
n 
LL 
v, 
W 
c 3 a  e 
C( x 
H 
Y . .  
a 
Q - u z 
c 
m 
x 
W 
U 
H 
4 : w  
1 1  m e  
U 
n 
W 
CL: 
3 
U 
W a 
U 
v , L L  
0 0  
z z  
0 0  
H 
Y Y  
> z 
4: 
0 
w 
LL 
LL 
4: 
+ c 
I 
e 
- 
Y >- z 
4 
. .  
3 
0 
W a 
z 
0 
m 
v, 
W 
U 
W 
E e 
W 
C Y  I- 
3 
> I -  
4 4  a 
c w  
x a .  
L L O  
v, 
W 
I L L  e 
c v ,  z 
w w  = a  
w 3  a m  
H Z  
= w  
0 w o  a e  
-
e z L L  m 
0 0  u 
v, 
U 
v, z 
0 
H 
e 
Y 
r n H  z 
0 
W 
v, z 
0 
Q 
v, 
W az 
e 
1 
W a L v, z 
P 
is 
LL 
v, 
H 
c 
Y 
c 
r 
W 
c 
v, > 
v, 
LL 
v, 
. .  
n z 
0 
u 
. .  
n z 
0 
u 
> az W a 
c3 z I 
W 
3 
W a 
3 
W a 
0 
z 
0 
c3 z 
U + U a 
Q 
W 
I 
c 
W 
I U z a e 
3 
c 
LL 
0 0 
0 0 0 
, 
e 
Y 
e 
W a e 
-1 
. .  
m a 
0 
v, a 
W 
v, 
=> 
W 
-1 
z 
0 
I z 
0 
W 
I W z 
4: a 
U 
c e + 
v, 
hl 
W 
-1 
e 
c 
z 
n 
W 
N 
m 
H 
(3 z 
U 
z 
a 
a z e 
v, z 
0 
U 
c e 
W 
L 
0 
a 
n z e - 
W 
-1 
e e 
z 
m 
H 
a 
W 
N 
Y 
I 
0 W 
0 e a 
v, 
v, z 
0 
n + 
v, 
W 
w c3 z 
0 
J e 
w 
* 
n 
n 
a e 
z e 
c e 
W a 
n 
Y 
e z J e W I H I 
4: 
x 
W 
W e 
W 
E 
3 
c 
0 c 
v, z 
0 c 
v, 
LL e 
a 
W 
c 
n 
U 
a 
a 
z 
3 
0 
c3 
c 
e a 
5 
U 
W 
e 
H 
c e 
0 
n z 
H 
w 
z 
W 
w P 
2 
W a r 
W 
v, 
c3 z 
e 
4: a 
a 
H 
c3 
v, 
H 
v) 
H 
c z 
.. 
n 
W a 
W 
v, z 
0 
0 
n 
H 
a c W c z 
W > 
\ 
3 
a 
W 
W 
v, v, z 
0 
H 
c 
4: a 
W a 
0 
c3 z W 
E 
m - a  
0 
W a 
W - 
W 
ZE z 
0 z 
0 
F 
3 
W 
H 
c e a 
v, 
v, 
W a 
c3 z e a e e 
d 
U 
W a 
W 
I c 
z 
n 
W c e 
H 
W 
H 
a e LL v, z 
n z e 
z 
0 
> 
-1 
W 
W 
< a 
LL 
0 
I 
v, z 
0 
u 
u 
t 
4: e + 
c 
H 
a e v, z 
0 
v, a 
W c 
a 
0 
i 
U 
n z e 
2 
4: n 
n 
W 
c 
H r: 
H 
J 
W 
H 
L J 
\ w c e a 
W a 
0 
5 
Q 
0 
0 W t e 
E 
Q 
a z 
3 
0 a 
c3 
m a 
0 
w z u e U 
H 
a a 
W a 
uz 
I z 
0 
J 
e d 0 0 
0 0 0 0  0 
, 
w 
e a 
v, 
U 
I 
c 
LL 
W 
U 
A 
c e 
I 
c 
a 
0 e e 
I- 
W a v, z 
0 
w 
t e a 
z 
U 
e 
0 
e 
v, e 
W 
A 
U 
n 
3 e 
m 
W 
I-- 
e 
U 
n 
LL a w W = a 
e a 
W cn 
v, 
W 
a W a 
=> 
v, 
v, 
W 
e a 
* 
e z 
x 
J 
a 
U 
U 
L 
w 
c 
W 
v) e 
L LL 
L L  
n 
+ 
U 
U 
I- z 
W z 
0 e 
ZZ 
0 
u 
W 
x z 0 a 
v, 
W e 
0 
U 
a 
W 
I 
c 
LL 
c 
I 
LL 
v) 
W 
v, 
0 
I 
c 
W a n 
W 
N 
W c 
2 
J 
0 
v, 
e m 
a 
W 
L 
a c n z e ., m W I c 
m 
m 
W u 
0 nz 
e 
n 
Y W 
I 
3 
W 
e a 
W 
I 
c 
LL 
0 
a 
0 
v, z 
W m 
e 
v, 
W 
c 
z 
0 
c3 z 
w 
c e u 
z 
W 
W 
m e 
I 
m 
n z 
Q: 
d 
U U 
e 
n 
v, z 
0 
u 
w 
z 
0 
U 
b- 
e 
u 
z 
U 
n 
U 
c3 z W E n W 
c m 
U 
J 
Y H 
n z e 
u 
U 
> 
LL 
U 
L 
2 
J 
d 
v, 
v, 
W 
e 
I 
v, 
c z 
W 
m H I 
n 
v, 
u 
z 
0 
w e 
W 
U 
W a z 
n 
W 
c3 z 
z 
e 
3t 
H 
a 
z 
W 
W 
m 
W 
I 
c 
m 
z 
0 
U 
n => r: W 
I 
t 
z 
0 
n 
m U z 
U 
c U 
I- = 
0 
U 
c 
v, 
A 
W z z 
0 m a 
W 
e 
v 
W 
W 
w e 
I 
e 
I 
n 
e 
W 
n z 
4 
c 
I 
v, 
W > 
-I e 
w 
n z e 
. .  
v, 
v, 
n z 
e e 
W 
c 
e 
c 
v, 
c3 z 
c U I 
LL 
v, 
W 
I 
e 
0 c 
z 
0 
c 
U 
w 
v, 
e 
U 
. U 
u n 
W a 
U 
c z 
W 
w 
z 
0 U n 
W 
e 
U 
c 
U z 
U 
v, e 
2= 
W 
A 
G 
LA 
m 
+ 
c 
P 
- 
c 
3 e 
u 
m e 
W nz 
W 
n 
n 
LL 
0 U c 
3 e 
u 
1 - 
W 
W 
I 
c 
0 
e 
W 
n 
U 
3 
(3 
W a 
c3 z m 
w 
Y 
> 
W 
A 
e c 
c 
m 
m 
W 
U 
5 x 
e 
3 
a a W cn 
W 
0 z e 
w 
J 
0 
c 
I 
LL 
0 
I 
c 
3 
0 
a 
U 
0 a n z 
=> 
0 
c3 
a 
v, 
U 
W 
3 
J 
e 
LL 
a 
U 
e 
C 
4 n z e 
n z e 
I 
W 
I 
c 
I z 
0 
W 
c 
4 
u 
e 
v, 
v, 
A 
t 
U 
c 
U 
z 
0 
-1 
U 
U 
z 
v, 
W 
W 
I 
U 
c 
u e 
n 
W 
> e 
A 
W a 
d z e 
v) e 
n 
U 
v, z 
0 u 
W 
m 
c e 
d e LL 
0 =E u 
z 
0 
U 
I CI 
c z 
W 
L 
z 
0 W c 
2 e 
u 
U 
$ 
c 
W 
I 0 
CL 0 c 
-L e c c 
0 3 0 0 0 0 
1 I 
0 c 
X 
x 
, I l l  I I 
I I 
L 
m 
c3 z z 
0 
v, 
W 
n c 
I W u e 
LT 
ZE 
v, a 
W 
W m w 3 
c3 
W 
n 
a 
n 
n 
0 
v, 
5 
LL m 
W a 
2 
L 
W 
0 z 
4 a 
W 
J 
0 
c 
I 
W e c3 z 
4 
w 
1E 
z5 
W 
I c 
z 
H 
n 
W 
a 
n 
3 
w 
a 
w 
W 
I 
c 
O c 
v, 
4 
c3 
W 
3 
w 
U 
> 
W a 
.I 
n 
W c 
a 
Y 
J u z 
H 
c 
W 
n 
H 
z 
0 
w v, z 
0 u 
c 
3 e u 
W 
I 
c 
0 
LL 
Ln 
a 
0 z 0 c LL 0 
I 
c 
W 
n 
LL e 
W a 
L 
v, a W 
w 
H 
c 
2 
0 
a 
0 
. 
W 
0 
c 
Y J e r 
H 
J 
e u 
m 
w 
a e W 0 
W 
p: 
W 
I 
c 
W 
'I W 
CL e 
W 
v, n 
W 
c 
+ 
0 
c 
W m J e 
n 
n m + 
W 
W W 
3 m 
v, 
a z w w z n z e 
~ e c 
v, 
4 
c3 z 0 c v, 
W 
.J e e 
4 
m 
U 
I 
c 
H 
c3 z H J 4 > 
W 
* 
A 
J 
4 u 
H 
c 
Y 
H 
L J 
W 
n 
W m n 
W a 
W 
e z 
W 
z 
W 
W 
W > c 
I 
v, 
W 
2 
J 
C > 
c 
Y 
m 
W a e 
W 
c a 
W 
e 
a 
C( a 
4 
W e 
p. c 
I/) 
W In z 
0 
p. 
v, 
W 
W 
J 
a 
m 
n 
w 
3 
4 
i 
W > c w r 
0 
U 
3 
c3 
w 
> 
0 
e 
0 
c 
n 
U 
n 
W 
c 
w 
c 
Y z 
W 
v, 
I- 
v, z 
0 
U 
c 
U u 
Y 
Ln z 
0 
w 
I 
v) 
c z 
W z 
0 e 
zc 
0 u 
Ix 
0 
LL 
a 
W 
L LL k 
I 
c 
4 u 
w 
J 
CL 
ZE 
w 
LL m z 
4 a 
v, a 
W 
LL 
LL 
w 
n 
c 
v, 
G 
c . .  a u I 
m 
W w 
2 c 
w 
n z 
. 
=E 
4 
t9 
0 
p. 
a 
a 
i 
W 
m 
H 
n z 
4 
* 
m 
W 
v, 
4 
I e 
c 
a 
W 
m 
4 
c3 z c3 z L 0 c C( --I J 
Y 
H 
c3 z 
n * 
c- 
I 
w 
m 
W 
U 
z 
0 
z a < 
3 
=E 
4 = 
a W I 
. i 
0 
U 
c z 
W > 
c3 z 
Y 
LL 
v, 
a 
0 
U + 
4 
c 
v, 
z 
0 
c 
LL 
0 
N 
w 
J 
c 
c 
m 
z a e x 
n z c 
H 
c 
0 
W 
J 
W m 
n z 
4 
L 
0 m m a 
0 
I 
LL 
m 
c z 
c 
4 
u 
e 
m 
c m 
J 
c 
U 
H 
W m e 
z 
0 
W 
u < 
LT 
v, 
e 
3 z 
0 
U 
t 
3 
4 u 
a 
W 
v, 
3 
J e n z 
4 
w 
L W 
J 
4 
m 
z 
0 
x e 
m 
Y 
I 
c 
z 
c1 
I 
z 
0 
W 
2E 
W a 
c 
U 
n 
n z 
W a 
W 
z 
0 
J H 
c 
H 
C z LL v, 
0 
c- 
W m 
Y 
2 
(3 
W c 
U + 
3 
u 
m 
w 
I 
c 
Q z 
0 u 
U 
ZE 
0 z 
W 
I 
c 
a 
0 
0 0 0 0 0 
5 
z 1 1 1 1 1 1 1  z 
> > > > > >  2 & - r r r r r  
> 8l I l l  I 1 1 1 1 1  1 1 1  
Y 
0 
w v ,  z e  
LL o z  
w 
v) 
W 
Y z < c 
0 
z 
W 
c3 
0 > 
CL 
u 
a 
w 
* az 
0 
c3 
W c c 
0 
> az 
0 
c3 
W c 
cz 
0 
n 
u 
c-, 
aJ 
4- 
aJ 
-1 
1 
aJ 
k 
* 
.I 
., 
0 
k 
> 
0. 
.I 
5 
CCI 
3 
U 
1 
0 u 
v) 
al 
> 
1 
a > 
a 
v 
k 
0 
c-, 
CCI 
k 
w HI  a W 
I 
i- 
0 
z 
w 
OZI E 
Q) 
I 
W 
I 
CL 
0 
w + c 
0 
LL 
w 
w 
CCI 
CL 
aJ Q 
E 
2 
0. 
Ln 
U 
1 
aJ 
.d 
n 
0 
=E: 
v) a , w  c a  
0 
c-, 
0 
al 
4- 
ce 
aJ 
c 
'1 
CCI 
c-, 
r' 
v) 
U 
aJ 
k 
0 
L) 
E 
aJ 
U 
v) 
> 
v) 
c-, 
k 
0 
0. 
Q 
1 
v) 
E 
aJ 
U 
v) 
> 
v) 
aJ c 
-1 
1 
k 
aJ 
4- 
ui 
3 Y c 
CCI 
U 
0 
aJ 
c-, 
aJ 
U 
4 
1 
aJ r 
v) 
J 
z) 
L L  
W 
v, 
=> 
'1 
a, 
1 
CCI 
a, 
v, 
v, 
HI k 
aJ 
U 
al 
E 
3 
0 
1 ce 
c 
0 
1 
a. 
v) 
4 
0 
0 
u 
v) u 
'1 
c 
0 
-1 
> 
CCI 
'1 
U 
lu 
4 
=I 
v) 
c 
.1 
c 
aJ 
a, 
0 
> 
k 
a c 3 0 I 
&I 
0 
a 
> 
E 
3 
3 u cw 
w 
4 
aJ 
w 
aJ 
1 
cv ' I  v, c CCI 3 5 M ! I  k Y 0 
0 
U 
3 
0 
4- 'I 0 0. lu E k 
U u > a 
0 
c3 
W c 
cv 
. 
M 
. 
U 
. 
cv 
. 
M U 
. ' . cv . M . U . Ln . v) . b 
a 
2 z 
I I 
W 
‘ W  
2c 
W 
A 
W 
m 0 
u 
X 
W 
J 
LL 
v, 
I- 
CL 
W u z 
0 
u 
E 
W 
U 
I 
W 
J 
u 
). 
0 
I 
W 
LL 
H 
J J 
W 
I 3 
0 
LL 
E 
W a 
1 
v, 
Y z e e 
v, 
0 
u 
I- d 
v, 
U e z 
E 
a 
W 
I 
I- 
E 
0 
LL 
LL 
l a 
3 
A 
3 
0 
LL 
W 
a 
a 
=> 
v, 
v, c 
I 
c 
Q. 
W u z 
0 u 
W 
I 
e 
W z 
A W  
W J  
c c  
Q 
w e  s a  
c - 4  
U 
m m  
m e  
A 
w e  m v ,  
< e  
m z  
0 0 0 
v, e 
W 
e 
I: 
W 
a 
1 
0 
e 
m 
a 
z n 
W m 
W 
U 
H 
0 
u 0 z z 
3 0 u 
I- 
O z 
v, < 
I 
c e 
W u z 
0 
0 
W z 
w 
J 
w 
v, e 
W 
I 
!-- 
0 
m 
v, 
c z 
W z 
0 
p. 
I 
0 u 
ZE 
3 
w 
J 
W 
I 
n 
w 
3 
-I 
L L  a 
W e 
3 
v, 
e 
0 
0 
L 
v, 
W 
I 
!-- 
b- e 
I 
!-- 
c3 z 
r 
3 
v, 
v, e 
U 
v, z 
0 
H 
c e 
0 
U 
L L  
U 
u 
W e 
v, 
k- 
W 
W 
=E 
z < 
0 
n 
u 
k- 
W 
v, 
W 
w 
J e > 
LL 
W 
H 
J 
W m 
aJ 
.. 
. 
.-I 
W 
L.' I 
c-, 
m 
m 
? 
8 
(u 
0 
cn 
I- z w
I z 
IT w
> 
0 
(3 
